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7KHVH WZR W\SHVRIPRGHOVDUHQRWH[FOXVLYHRIRQHDQRWKHUDVHDFK W\SHRIPRGHOPD\DOVREHZULWWHQ
XQGHU GLIIHUHQW IRUPV DQG HTXLYDOHQFHV EHWZHHQ ZHOOGHILQHG VSHFLILFDWLRQV KDYH EHHQ HPSLULFDOO\
GHPRQVWUDWHG 7KH LQWURGXFWLRQ RI H[RJHQRXV YDULDEOHV LQ WKHVH PRGHOV DOVR UHVSRQGV WR GLIIHUHQW
REMHFWLYHV,QDOOFDVHVWKHSHUIRUPDQFHRIWKHVHH[SODQDWRU\PRGHOVLVVLJQLILFDQWO\LPSURYHG
,Q WKLV UHVHDUFK WKH PDFURVFRSLF URDG VDIHW\ WUHQGV LQ *UHHFH DV H[SUHVVHG WKURXJK URDG VDIHW\
IDWDOLWLHVDUHDQDO\VHGXVLQJ VWDWHVSDFHPRGHOVDQGGDWD IRU\HDUV 6LPSOHU6HHPLQJO\
8QUHODWHG7LPH6HULHV(TXDWLRQV6876(PRGHOVDUHGHYHORSHGILUVWIROORZHGE\ULFKHUODWHQWULVNWLPH
VHULHV /57PRGHOV6WDWLVWLFDO WHVWVRQ WKH UHVXOWVRI WKH6876(PRGHOFDQ LQGLFDWHZKHWKHU WKH WLPH
VHULHVDUHFRUUHODWHG5HVWULFWLRQVRI WKHVWRFKDVWLFPRGHOVSHFLILFDWLRQVHJ IL[LQJ WKHVORSHDQGRU WKH





7KHUHPDLQGHURI WKHSDSHU LVVWUXFWXUHGDV IROORZV6HFWLRQSUHVHQWV WKHPHWKRGRORJLFDO WRROV WKDW







YHFWRUV WKDW GHSHQG RQ FRUUHODWHG GLVWXUEDQFHV LV UHIHUUHG WR DV D VHHPLQJO\ XQUHODWHG WLPH VHULHV
HTXDWLRQVPRGHO7KHQDPHXQGHUOLQHVWKHIDFWWKDWDOWKRXJKWKHGLVWXUEDQFHVRIWKHFRPSRQHQWVFDQEH
FRUUHODWHGWKHHTXDWLRQVUHPDLQµVHHPLQJO\XQUHODWHG¶&RPPDQGHXUDQG.RRSPDQ 
7KH VWUXFWXUDO WLPH VHULHV PRGHOV FDQ HDVLO\ EH JHQHUDOL]HG WR WKH PXOWLYDULDWH FDVH +DUYH\ DQG
6KHSKDUG  )RU LQVWDQFH WKH ORFDO OHYHO ZLWK GULIW EHFRPHV IRU DQ 1GLPHQVLRQDO VHULHV






ULVN V\VWHPIRU WKHREVHUYHGYDULDEOHVH[SRVXUHRXWFRPHDQG ORVV7KH ODWHQW ULVNPRGHO /57PRGHO
UHODWHV WKHVH REVHUYHG YDULDEOHVZLWKLQ DPXOWLYDULDWH V\VWHPRI HTXDWLRQV$ GHWDLOHG FRYHUDJH RI WKLV
PRGHODORQJZLWKSUDFWLFDODSSOLFDWLRQVFDQEHIRXQGLQHJ%LMOHYHOGHWDO7KHWZROHYHOIRUP
WKDW LV EHLQJ XVHG LQ WKLV UHVHDUFK DQG LQFOXGHV ODWHQW IDFWRUV IRU H[SRVXUH (W DQG ULVN 5W ZKLFK DUH
DVVRFLDWHGZLWKWKHREVHUYHGYDULDEOHVH[SRVXUH;WDQGRXWFRPH<WIRUWLPHLQGH[W «QLVRXWOLQHG
QH[W 7KH EDVLF IRUP RI WKH PRGHO OLQNV WKH REVHUYDEOH DQG WKH ODWHQW IDFWRUV YLD WKH PXOWLSOLFDWLYH
UHODWLRQVKLSV
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
     
ZKHUH DUH UDQGRP HUURU WHUPV ZLWK XQLW PHDQ IRU W «Q DQG D ;< 7KH QRQOLQHDU
IRUPXODWLRQFDQEHWUDQVIRUPHGWRDOLQHDUIRUPXODWLRQE\WDNLQJWKHORJDULWKPRIHDFKHTXDWLRQ,QWKLV
UHVHDUFK WKLV DSSURDFK KDV EHHQ IROORZHG 7KHPRGHOV KDYH EHHQ LPSOHPHQWHG E\ WKH '$&27$(8








)LJXUHFRUUHVSRQG WR WKHGD\GHILQLWLRQIRU WKHHQWLUHSHULRGFRQYHUWHGYLDDSSURSULDWH IDFWRUVIRU
WKH SHULRG SULRU WR  ,W LV ZLGHO\ DFFHSWHG WKDW YHKLFOH NLORPHWHU DUH DQ DSSURSULDWH H[SRVXUH
PHDVXUH+RZHYHUWKHUHDUHQRYHKLFOHNLORPHWHUGDWDDYDLODEOHIRU*UHHFHDQGWKHUHIRUHWKHYHKLFOHIOHHW
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)LJD)DWDOLWLHVDQGE([SRVXUH1XPEHURI9HKLFOHVLQFLUFXODWLRQIRU*UHHFHIURPWR
:KLOH WKHH[SRVXUHGDWDVHHPUDWKHUVPRRWK WKHIDWDOLW\GDWDH[KLELWFHUWDLQ LUUHJXODULWLHV WKDWFRXOG
DIIHFWWKHPRGHOHVWLPDWLRQUHVXOWV,QRUGHUWREHWWHUDFFRXQWIRUWKHVHH[WHUQDOVKRFNVWRWKHSURFHVVLW
ZDVGHFLGHGWRVHHNSRVVLEOHHYHQWVWKDWFRXOGEHLGHQWLILHGDQGH[SOLFLWO\HQWHUHGLQWRWKHPRGHO7KHUH
DUH WKUHHPDLQHYHQWV WKDWFDQEHHQWHUHGDV LQWHUYHQWLRQV LQ WKHPRGHO IRU WKHSHULRGDQGGDWD WKDWDUH
EHLQJDQDO\VHG




, LQ  *UHHFH LQWURGXFHG DQ ³ROGFDUH[FKDQJH´ VFKHPH XQGHU ZKLFK ROG FDUV FRXOG EH
H[FKDQJHGIRUDFDVKLQFHQWLYHWREX\DQHZVDIHUDQGFOHDQHUFDU:KLOHWKLVGLGQRWDIIHFWWKHQXPEHU
RIYHKLFOHVLQFLUFXODWLRQRQHFRXOGDUJXHWKDWUHSODFLQJROGHUFDUVZLWKQHZHUPLJKWLQFUHDVHH[SRVXUH







7KLV VHFWLRQ SUHVHQWV WKH PDLQ HVWLPDWLRQ UHVXOWV RI WKH 6876( DQG ODWHQW ULVN PRGHOV $V D VLPSOHU
PRGHOWKLVZDVDOVRXVHGDVDGLDJQRVWLFLQRUGHUWRGHWHUPLQHZKHWKHUPRUHHODERUDWHPRGHOVVXFKDV
WKHODWHQWULVNWLPHVHULHVPRGHOZRXOGEHEHQHILFLDOIRUWKLVDSSOLFDWLRQ
7DEOH  SUHVHQWV WKH PDLQ GLDJQRVWLF WHVWV IRU WKH WKUHH PDLQ VSHFLILFDWLRQV WKDW ZHUH WHVWHG 7KH




GLDJQRVWLFV ILQDO ORJOLNHOLKRRG DQG $,& $Q ,QIRUPDWLRQ FULWHULRQ $NDLNH  7KH FRQVLGHUHG
PRGHOV ILW WKH PRGHO TXDOLW\ WHVWV HTXDOO\ ZHOO (VVHQWLDOO\ WKH PRGHOV WHVW IRU DXWRFRUUHODWLRQ %R[











7KH VORSH RI WKH H[SRVXUH WRS ULJKW VXEILJXUH LV DOZD\V SRVLWLYH EXW LWVPDJQLWXGH LV GHFOLQLQJ7KH
VORSHRIWKHULVNERWWRPULJKWVXEILJXUHLVDOVRGHFUHDVLQJ

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0RGHO HVWLPDWLRQ LV D YHU\ FRPSOH[ WDVN DQG WKHUH DUH D QXPEHURI GLDJQRVWLFV WKDW FDQEHXVHG WR
DVVHVVLWVTXDOLW\+RZHYHUGDQJHUVVXFKDVRYHUILWWLQJDUHDOZD\VSUHVHQW,QRUGHUWRRYHUFRPHWKHVH
DQGHQVXUHWKDWWKHHVWLPDWHGPRGHOVSURYLGHDXVHIXOIRUHFDVWLQJWRROVHYHUDORWKHUVWHSVFDQEHWDNHQ,Q




,Q RUGHU WR DVVHVV WKH PRGHO TXDOLW\ WKH FDQGLGDWH PRGHOV DUH UXQ ZKLOH KROGLQJ D QXPEHU RI
REVHUYDWLRQV IRU YDOLGDWLRQ +RZHYHU DV FDQ EH VHHQ IURP )LJXUH  WKH QDWXUH RI WKH GDWD LH WKH
EUHDNSRLQWLQWKHPLGVLPSOLHVWKDWWKHVXEVHTXHQWGRZQZDUGWUHQGLVRQO\VXSSRUWHGE\IHZGDWD
SRLQWV7KHUHIRUHDV WKHQXPEHURIREVHUYDWLRQV WKDWDUH OHIWDVLGH IRUYDOLGDWLRQDQG WKHUHIRUHQRW IRU









6HYHUDO REVHUYDWLRQV FDQ EH PDGH EDVHG RQ WKLV LQIRUPDWLRQ )LUVW RI DOO DV WKH SUHGLFWLRQ KRUL]RQ
LQFUHDVHVVRGRHVWKHZLGWKRIWKHFRQILGHQFHLQWHUYDO7KLVLVDQDWXUDODQGH[SHFWHGILQGLQJKRZHYHU
ZKHQRQHHQFRXQWHUVSUHGLFWLRQVVXFKDV³WKHH[SHFWHGIRUHFDVWQXPEHURIIDWDOLWLHVLVDQGZHDUH
 FHUWDLQ WKDW LW ZLOO EH EHWZHHQ  DQG ´ GHFLVLRQ PDNHUV PLJKW IHHO OHVV WKDQ FRQILGHQW
&RUUHVSRQGLQJO\WKHDFWLRQVWKDWFDQEHVXSSRUWHGZLWKVXFKSUHGLFWLRQVPD\QRWEHDVEROGDVRQHPLJKW
ZDQW2QWKHRWKHUKDQGWKLVLVDWUXHUHSUHVHQWDWLRQRIWKHXQFHUWDLQW\DQGPRUH³WLJKW´ERXQGDULHVRI




FDVH WKH PRVW OLNHO\ PRGHO IRUHFDVWV SURYLGH E\ WKH PRGHO IRU  DQG  ZHUH  DQG 
UHVSHFWLYHO\ 7KH DFWXDO IDWDOLW\ GDWD IRU  DQG  LQ *UHHFH ZHUH  DQG  IDWDOLWLHV
UHVSHFWLYHO\&OHDUO\WKHPRGHOFDQQRWEHH[SHFWHGWRIRUHVHHVXFKGUDPDWLFH[RJHQRXVIRUFHVDIIHFWLQJ
WKHPRGHOHGOHYHORIURDGVDIHW\+RZHYHUHYHQLQWKLVH[WUHPHVLWXDWLRQWKHORZHUERXQGHVWLPDWHVRI
WKH PRGHO ZHUH  DQG  IDWDOLWLHV IRU  DQG  UHVSHFWLYHO\ LQGLFDWLQJ WKDW LQGHHG WKH
FDOFXODWHGERXQGVZKLFKPLJKWDWILUVWORRNVHHPYHU\FRQVHUYDWLYHZHUHDSSURSULDWHIRUFDSWXULQJVXFK
XQXVXDOHYHQWV
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ULVN LQVWHDG RI IDWDOLWLHV WKHPVHOYHV 7KHPRGHO DOVR DOORZV WKH LQFRUSRUDWLRQ RI LQWHUYHQWLRQV WKDW FDQ
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DIIHFWWKHPRGHOOHGSKHQRPHQRQ,QWKHDSSOLFDWLRQSUHVHQWHGLQWKLVSDSHUWKUHHLQWHUYHQWLRQVKDYHEHHQ




)XUWKHUPRUH YDOLGDWLRQ DQG IRUHFDVWLQJ UHVXOWV RI WKH PRGHOV DUH SUHVHQWHG GHPRQVWUDWLQJ WKH
H[SOLFDWLYHSRZHURIWKHPRGHOV&RPSDULVRQVZLWKILQDODFWXDOGDWDLQGLFDWHWKDWWKHPRGHOV
SHUIRUPSURSHUO\HYHQLQXQXVXDOVLWXDWLRQVOLNHWKHFXUUHQWVWURQJILQDQFLDOFULVLVLQ*UHHFH
)XUWKHU UHVHDUFK GLUHFWLRQV LQFOXGH WKH HQULFKPHQW RI WKH PRGHO ZLWK DGGLWLRQDO PDFURVFRSLF







UHVHDUFKSURMHFWFRILQDQFHGE\ WKH(XURSHDQ&RPPLVVLRQ 6SHFLDO WKDQNVEHORQJ WRDOO'D&R7D:3
SDUWQHUV LQYROYHG LQ WKH PRGHO GHYHORSPHQW DQG SDUWLFXODUO\ WR +HLNH 0DUWHQVHQ DQG (PPDQXHOOH
'XSRQW IURP ,%65%HOJLXP IRU WKH FRRUGLQDWLRQRI WKHPRGHO GHYHORSPHQW DQG WR)ULWV%LMOHYHOG IRU
EHLQJLQFKDUJHRIWKHRYHUDOOPRGHOGHYHORSPHQWSURFHVV
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